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& ^ - ^ ^ M ' ni^^^tkSL^n^^^j$.jL. ' 3. A t 
- f'\ m n ^ M m ^ m • ± m m m ^^^^ ^ ^ 
m ?^ f'l m i^-s-^ t^#^ffl #i^^_L^^s-T;r-^i% p-^ 

^ ±. m m -k & n ^ n m ^ 

T ^'l ^ m: ^ ^ - ^ ^ M. ^ ^^^^m.^M±.^M.^ 

^ ^ ^ - ^ij ffl t d 1^ # *c -fa I* ^ II # ' _L izit li 1^ K t ^1^^ 

' 3L it m ^ m P. ^ & M n 

# a ^ ^ ^ ^ t fl> - P# >t # d ° fi?> ^ # 
7t> -f- ^ :^ ' ^it^^nmn Fai ^ IpI ^ ;^ -t # lit ^ - 
'li. ' ^ 1^ * ?t ^i-^ ffl ^ ^ ° 

A - ^^f^s^^i^^ C^^HZM '■ Photomask structure and method of reducing lens 
aberration and pattern displacement ) 

A photomask structure for reducing lens 
aberration and pattern displacement and method 
thereof. The photomask consists of a pervious 
substrate and a concealing layer, with the 
concealing layer including an array pattern area 
and a plurality of assist patterns disposed 
therein. The distance between the assist pattern 
and its upper and lower array patterns is equal, 
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^ - ( -) > ^ -R, * 

( ) ^ ^ ^\ ^ 
10- Tfe ^ # ; . 

1 0 2 ~ F-^ ^ij Bl * [1 

1 0 4 ~ 3g ^ ^ ; 

106- « 1^ 1 t ° 



^ ^X.^^H^^^ i^^H^M '■ Photomask structure and method of reducing lens 
aberration and pattern displacement ) 

and the length of the assist patterns is equal to 
the width of the array patterns. The method of 
reducing lens aberration and pattern displacement 
includes providing a substrate covered by a 
photoresist layer, forming patterns on the 
photoresist layer by a photomask, and forming an 
array trench area on the substrate using a 
patterned photoresist as a mask by etching. 
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• Photomask structure and method of reducing lens 
aberration and pattern displacement ) 



According to the present invention, the uniformity 
of critical dimension between array patterns is 
improved and pattern displacement is reduced 
s i gn i f i cant 1 y . 
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3- ^ ^^nn.^n (i) 

/■^ ' 4# ^'J ^ ^ %^ ^ - m }A '^^ it lens aberrat ion) 

i-^t P+ ^'J SI # (array patterns) fA ^ ;^ ^ ( c r i t i c a 1 

dimension, CD) — 3k ^ 1^® ^^^^fcCoff-axis 
illumination, 0 A I) ^ . ® # # -fi (pattern 
displacement) J^^^tIq^I^:^^ >ir " 

^ ^ ft ^ t ' ^ f^( 1 ithography) ;^ a # 3t(step- 

by-step) A ^#^^(scan-by-scan) ^ * ^ m. ^ - >l K 
* ifc i-^^ ^ ^ ^ >1 a^H a * Tie. ' ^i'k f^M'S^^ m # 

^ 1 M- ^ ' :t^>/ ^ >^ >^ ^ 0f ' mf^^^^^ 

fal ' # it f'J * ' :t, 5£ -ft i-x ^ ^ ?L # (Humeri ca 1 
Aperture, NA) # ° # T ^'J ^ ^ ^'J t. ^/r >t ^ 6^ 

^ pj. a ^ ^ 5^ $ -J ^ pj. ;^ T 6^ # t ' 1^ m iib ' 5'J ^ ^ #J 
: a ft bb -f^-J ' a >JrL it ^ ' J& ^JJ ^ ' J-^^ ^ -I* S'J ^ 

# ' S ^ ^ iii ^ 1^ ' -Itp it t ^ it i^l ^ ^ ^fJ t M ^ 
-f = ' #,#t6^j^m^^^'J^4^i(After Etching 

Inspection, AEI) ^ # 3^ 4)^ a^a IB t >'J ^ # 1^ 6*jCD ^ TbI 

-fc 1: 'l± ^ lit jl'j t^(Waf er Acceptance Test 'WAT)m#5'j6^ 
t (contact hole) iff 5^ 3^ ' it # ^ ^ ^ i itfe. ^ 




jL > ^mt^m (2) 

^ ^ a^B IB t P+ ?'J ffl # 6^ CD ;^ ^ S ^ - # 4^ m 

1't t ife 1^. 6t it ^( lens) ' ^ ^ i it 4fe il. ^ m ' 
t ^ ^ ^ ^ ^ ^ "1$- ^isiiherical) ^ it ^ 

(astigmatism) ^ ^ -f^ J: ( coma ) - -ff. ^ ^ * ( f i e 1 d 
curvature) ^ ^ ff> -ft- J: (distort ion) # ° iTq _L -I- ^ it ^ 

^ ' # 33 It 7t it Tfe ^ ffl ^ ^/r i ^4 ^ ^ 

itb ' ;f 2iL ^ S f- ^ tf ' 3- m ^ ^ m. m $- M. ' ^t. 

^ if ijn ?^ >^ ^(deep of focus, DOF) ^ JiL it 'fl- 6^ 
II- Tfe. # ' ^ ^ 4- f ^ ^ A m A ' i^. II- 

li # ^ 6^ ife as 5^ ^ ^ lif itb ' ^ W ^ ^ fl?. ^ 

^ 6^ 14 ^ ' i4 ^ Hi- #1 ^ 3i # #J t ( r e c e i V ed dose) 

^ ^ ^ f ij ' # i # 7t SI ^ # -fi 1"^ ;^ ^ J£ = ^ jtb Jl. ^ /-^ 

# # ^ # ' -fc t -ft a^a IS it ^ t ' ^ ^ it ^ f f 

^ — ^(previous underlying layer) it # ^Sl S. 6^ ^ 

' # '>i^ it ^/t tf 6^ >t 4 ^ t^(over lap errors) ' ifk ^ 4^ m 
% ^ ?4 D (openi ngs ) ^ M 5g-( shorts) 6t 'ft ^ # :i ' M. 

[ # 1^ ^ ] 

* 41 :^ itb ' 4^ # ^ S 6<j & §5: tf - ife. ^ ^ m ffl 7^ 




i ^ ^mm.m (3) 

^ ^ m ^ yi: ' ^ n m n m ^ n ^ ^ ^ ^ ^ m ^ ir 

- ^ ^ t ^ 'A ^ M ^ ^ ^ ^ " 

m it ' ^ m t9L tf - m ^ ^ M ^ K ^ - ^ ^ }^ 'J^^ m 
n ^ ^ ^ ^ ' ' n m Jt ^ n. 

# (assist patterns) ' _L 54 ^ ^ ffl # #. ^ £ :^r^ ?'J 1 

i!/ — ^ ^ 4 >t ° 

m ^ - 'A ^ ^ ^ m :^ yi: 

ai ^ # 4 ^ F# ?'J ® ^ II X * t ^ *l ^ S # 1^ * Ji :^ 
^ ?^ f>l m p. ^ % & ^ ^ ' J-X JL id! ® ^ -fb Tfc PJ- ^ ^ ' it # 

- M 1^ ^ i^-^ ^ n ^ ^ ^ f - ?^ n M n ^ ° 

m ^ ^ ^ ' * ^ ^ F# E # M # ii # 

^i^mmm^^m.MmikM.^m # it ^ >^ a 6^ f-i ^ 

' M ^ -ft # F-^ ^'J 1 ^ ^ X. :ir lie ^ - ^ ° 

n- ^ ' li ^ ffl ^ ^ ^ # #j 1 6^ ^ f 'J ' -f^. FJ- #j 




i - ^mtH.m (4) 

_L:^gl^^4ais]J-#^6t^##Jf: ' M ^ ^ ^ iii^ }^ :}^^ m n 

^ ^ ;^ # a^ ' _L iii @ ^ . m ^ li Ife Jt IS ^ tf > 
T ^ # ^ - *t -fi ^ ' ii se. ^ ^/f W=f Bl ^ ' <^ n ^ n m -k^ 

T : 

[ ^ :^ >ir ] 

^ ' 54 ^ ^ 1 0 4 ^?-J :Jta * ^ ^ 4 ^ ^ ° 

Tfc vt 1 0 4 H ^ ° ^ 4^ * t ^ P-^ ^'J ® ^ ^ - P-^ ^# # ® 

# ' <s ;^ 41- ;^ Pf^ ;5P^ ;tb . ^ T a ^ * ^-ifc 11 ^ ^/t ^ 

P-^?'JSI# ° _Lilkll^;^!;^Itl06l£i;^r^|5^?•J®^lI102l^J.^ 

^ ^ ^ fa. M f ^ A ±. m ^ m ^ M m ' -§-4«^bi# 

10 2 ^10 6 ' ?^ t> ^ -fl- ^ a% IS 1 1 8 it Pi 1 2 0 ° ^1 ' i^A _L 
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i ^ ^mtum (5) 

' n - m ^ ^ ^ m 

118_L:^^fal20t^^-SI*I^102 >106 ' ^^l-fE^J-X-* 

lit. 6^ a -li M ^ It -li ^'J ^ ^^f ' )lf 7^ P-a Ji Bl # # # ^ ^ >^ 
t ' -kp B S t m ^ ' a ^ ii, -f^'J ^ F-^ ?'J # ° 

( f 1 ai ) -L F-^ SI # ^ 3t 7^ >^ 1)^ if ifo ' mik Mi 

' ^ 4^ # 9^ ^ -?- * ' * ?'J K # 1^ 6^ ^ SI 

t ' M M -t - ^ '1-4 *t ffi # .li Tfe ^ ^ ° j;^ T 5P Si ^ . 

it ;^ t 

A ' ^ t 
SI itb ' 

^1- ;^ -f^ i!, tf # ' ^ ^'J ^ # 1^ ^5. ^ ^ : ^ - 1^ 1^ 

#i: ( lib iK m: ^ ^J^'i 0 m ^ it ^ ^ n i-^ ^ ^ T ' ■ 

it ii ^ 5A - 5B H # ^ffl 9^ - -fit ffi # tIq * ' m. ^ ^ '^k. 
ik U ' ^/f >I"J # ^ # M It >^ T : ^ #1 38. 2 nm ; ^ 

^*#120 nm ' ^ ^ K ^ ^ ^ 2 nm(:Jco^5ABI) = ^ 

m m ^ ^ ^ ' # tIg -li S'J ' m ^^'J # ^ # it ^ ^ 

:fenT:^^f^l40.5 nm ; ^ }^ ^132. 2 nm ' i^*;^^-^^ 
^8.3 nin(^^5Bffl) » *Ji.^j.1^^^#:#^o . ^^f^.ffl^^ 
m ^ ^ ^ ' ^ 1^ 'fg<3 ^ 6^ ft -fl- ;t ' >^ ^40%~6 0% " 

^ ji- .ij. ^ ^ ( itb t^. ^ ^ it # a ^ ;^ Jj, tf # 

^) :i(a T ' M. m ^ - m ^ n ^H - i^ m n ^ ^ ^ ' 



Jl iiC f ^/t :^ ^ i 
^ it ^ M ^ ^ ^ 

e n ^ ^ ^ ^ ^ m ^ 



a it ^ ^ ^ 

•ft ^1- ;t X J^X 3 

a ifcb ^ it ^ 
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i - ^^Bn.m (6) 

M ' m >a'J # ^ 5^ M M -t :b T : A # 1 3 4 . 2 
nm ; ;fe-^^#145.8 nm ' >^ -t ^ # 1 1 . 6 nin(:icn^6A 

SI ) ° ^ ffl 4^ # ^ ife. ' M # Tfe, ^II ^ ^'j ' m m # m 

#MMK-t:Jc«T:iL^*^134.5 nm ; #141.1 nm > i% 

30%~50% ° 

itb ' m $k ^ ^ ^ .jii m ^ ^p ^^ ^ ' ^ m ^ % 

m ^ ^ ^ ' m )k X m m^'^^- 1 4- ' ^ ^ m 0. ^ 

^ m n ^ ^ ^ m ^ ^ ^ ^ ^ }A ^ §r <. a t it t;^ 

^ 3, ^ ^tt m- m n ^ ^ ^ ' 1^ # 7^ I'i ' ^/r 

# ^ ^ # -flL £ ^ ^> # ^ -flL £ ^ -(^ 1^ ^ T : ^ 

iflO nm: ;^)*#10 nm° ^it^m^^^n^^^ ' M^t^.^!. 
-li n ' m # ^ ?t # -fi E ^ * # tS: ^ i l-fe ^ 5£ 1^ 
T : ^ #2. 5 nm ; # 2 . 5 nm = * Ji Is. ti^ ^ *t # 

' ' ^ i^m n ^ ^ ^ ^ > 

^ ^ 5^ J-:^ ^ * -f?'] m M- ^ ±~ ' ^ ji ffl a PI 

f "J # o ^ # ' ^ ^ m.m ^% m ^ ^ # 

n ' t ^ ^ ^ ^ tfj ^ m ^ " s itb # ^ ti ii 
a t ^ ^1- Ff^ ^ t tf ^ ^'j n. ffi m ^ * ^ ^ ° 
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^1 ffil 



\ m ^ ^ ^ ^ ^ ^ M ; 
^2 m m if^ ^ ^ ^f-^TF^ gi 

^ 3 SI ^ ^ 2 ii ^ ^'j ® SI ; 



^ 4 A SI m ^ 4^ f ^ a ^ ^ ^ * ffl ' 

^ 4B m m yf^ ^ M m. jf- ^ ^ m - 

^bk m "i^^ m yf^^^ ^ ^ ^ ^ ^ M 'A ' p#- a ^ 

Ifl M K i- ^ ;^ ^ ( J-:^ 3 ^ ff> :^ tf -fe -f^ ^ ) ; 

^ 5 B ® # ^ ^ -f^ « 4^ # 7^ ^ ^ -ii ^ ^ ' ^'l M 

m %^ ^ -t ^ ^ ^-^^ 0 ^ ^ ^ ^ ^ ^ ' 

m m yf^ <^ ^ ^ ^ ^ ^ ^'i ^ ^ A ' p+ SI * 

M M >^ ^ ;t ^ ( J-X ^ ff> il- ;^ ^ tf # ^ ) ; 

f 6B ffl M -f^ ffi 4^ # 7^ ^ ^ -li t'J ^ 41 ' 1^+ ^'i Bl 

fal M ^ i- ^ :^ ^ ( ^ ^1- ^ ^ ) ° 



\Q~ ^ ^ u ; 

1 0 2 ~ P# ^'J ffl # n 
1 0 3~ it 7^ * ^ ' 
1 0 4 ~ it 7^, ^ ' 

1 0 6~ ^ ^ ® # ; 
112-^:?- ; 
1 1 8 ~ K ; 

1 2 0 ~ 7^. P-i- = 




1. - itt^jj^d'^3t^'f|.;^(lens aberration)^®## ^ 
'fi (pattern displacement)^ilQ-f- > 

— it ife ; 1-^ -S. 

— I#-?'J BI ^(array patterns) la ^^^t-fSIli^* ffil M 
(assist patterns) > Jiitt^^St^^E^^t^^^'J^t 

3 . t ^ .^'J Ig. m f 1 ^/r it ^ it 41: 'fl- ;t 1^ SI 
^^^'fi^7fe^'^t1^itit:&;£#-t.'fb^'5l-^° 

4 . t tf ^ ^>J la SI f 1 it ^ ^ ^i'^ it -fl- ^ ffl 
m^^i^T^:?- ' ^ ^ U ^ ^ M - ^ M M ° 

5 . :i(n t ft le, la ^ 1 ^ it ^ ^ i)^ il -(I- ^ 1^ ffl 

6 . :^ t ^ ^'J ffl f 1 ^/f it ^ ^ ^i'- it Ife ^1- J: 1^ ffl 
7 . - ^ ^ ii^ ^J'^ it ^ ^1- 1^ ffl t # ^ ^ ' ^ ^ T ?'J 

# m : 




- f>] m ^ ^ ^ ^ M m 3^ m . _h *i ^ ai ^ # t^: i ^ 
>^ # j-x 

a _h it ai # 7^ P-S- ^ ^ ^ ' it 4t - -fck ^'J # J-^^ ^ 

# ^ A t ^ - P# ?'J J# array trench) d = 

8 . ^ f n ^ m m ^1 ^ m ^ ^ }^ ^ m. <^ ^ M m 

9 . ^ if ^ m ^1 ^ m ^ ^ 'J^^ ^ ^ ^ m 

' % ' ^tJ^i4l«l!^Bl^^X.>^AIi1> ^60-80 

1 0 . t tf ^ ^.J H. ffi ^ 7 m i4 ^ ^ ^i'^ it ^ -fl- ;^ 1^ ® 

# # ^ ^ ' ^ t It * Tfc ^ 7t IS- ;f t ^ Bl t 

1 1 . ^ t tf ^ ^'J Ie. S - ^ 7 3i ^/f i4 ^ ^ ^l'^ it ^ ;^ ^ ffl 
n ^ ^tL ' M ' m # ^ I* SI # ^ % ;^ ^ 

^ 4 -L i4 *i ^ 51 ^ 7t ^ m # ^ ^'J SI # ^ -il X. ;t ^ 

tb ' A It /m :1'\40%~6 0% ° 

12. t I* ^ #'J Ie. ® ^ 7 ^ ^/r i4 ^ ^ it ^ -f^ 1: ^ Bl 

# # -/A ^ ;ir ' ^ 4k Pi 'ik ' i& ^ ® . * ^ -fi 'It ^ ^ ^ 
_L it # 4* ffl ^ Tfe i<. ^ ffl ^ # -fii 'It ^ tb $1 ' A ^ 
40%~8 0% ° 
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